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The prognostic information provided by ventricular ar-
rhythmias associated with treadmill exercise testing was
evaluated in 1,293 consecutive nonsurgically treated pa-
tients undergoing an exercise test within 6 weeks of car-
diac catheterization, The 236 patients with simple ven-
tricular arrhythmias (at least one premature ventricular
complex, but without paired complexes or ventricular
tachycardia) had a higher prevalence of significant coro-
nary artery disease (57 versus 44%), three vesseldisease
(31 versus 17%) and abnormal left ventricular function
(43 versus 24%) than did patients without ventricular
arrhythmias, Patients with paired complexesor ventric-
ular tachycardia had an even higher prevalence of signif-
icant coronary artery disease (75%), three vesseldisease
(39%) and abnormal left ventricular function (54%).
Incidental ventricular arrhythmias are detected with increas-
ing frequency as cardiac monitoring devices proliferate. In
particular, ventricular arrhythmias often are found during
exercise testing in the evaluation of patients for suspected
ischemic heart disease. Such arrhythmias are troublesome
to the physician because their prognostic significance is
From the Division of Cardiology. Department of Medicine, Division
of Biometry. Department of Cornmumty and Family Medicine, Duke Uni-
versity Medical Center, Durham, North Carolina. This work was supported
by Contract HRA 230-76-0300 and Research Grants HS-03834 and HS-
04873 from the National Center for Health Services Research-OASH,
Research Grant HL-17670 from the National Heart, Lung, and Blood
Institute, Bethesda, Maryland, Training Grant LM-07003 and Grants LM-
03373 and LM-00042 from the National LIbrary of Medicine, Bethesda,
Maryland, and grants from the Prudential Insurance Company of Amenca,
the Kaiser Family Foundation and the Andrew W. Mellon Foundation.
Durham. North Carolina. Manuscnpt received Apnl 18. 1983. revised
manuscnpt received June 20, 1983. accepted June 22. 1983.
Address for repnnts: Robert M. Califf. MD. Duke University Medical
Center, P.O. Box 31123, Durham. North Carolina 27710.
© 1983 by the Arnencan College of Cardiology
In the 620 patients with significant coronary artery
disease, patients with paired complexes or ventricular
tachycardia had a lower 3 year survival rate (75%) than
did patients with simple ventricular arrhythmias (83%)
and patients with no ventricular arrhythmias (90%).
Ventricular arrhythmias were found to add independent
prognostic information to the noninvasive evaluation,
including history, physical examination, chest roentgen-
ogram, electrocardiogram and other exercise test vari-
ables (p = 0.03). Ventricular arrhythmias made no in-
dependent contribution once the cardiac catheterization
data were known. In patients without significant coro-
nary artery disease, no relation between ventricular ar-
rhythmias and survival was found.
unclear. Premature ventricular complexes on the rest elec-
trocardiogram (I), on prolonged ambulatory monitoring (2-4)
or during exercise testing (5,6) have been associated with
an increased risk of both sudden and nonsudden cardiac
death. Whether these arrhythmias are a primary determinant
of subsequent mortality has not been demonstrated because
they have been observed most often in patients with exten-
sive coronary disease and left ventricular dysfunction (7-10).
When the coronary anatomy and left ventricular function
are unknown, ventricular arrhythmias on ambulatory mon-
itoring appear to have independent prognostic significance
(11,12). However, ventricular arrhythmias detected by am-
bulatory monitoring do not seem to add independent prog-
nostic information to the cardiac catheterization data (12,13).
The independent prognostic value of ventricular arrhythmias
at treadmill exercise testing has never been assessed in a
group of patients in whom detailed knowledge of the coro-
nary anatomy and left ventricular function is available.
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The purpose of this study was to determine whether ven-
tricular arrhythmias at treadmill exercise testing in a group
of patients undergoing evaluation for suspected ischemic
heart disease are independently associated with the risk of
cardiac death, or whether they simply reflect advanced coro-
nary artery disease and left ventricular dysfunction,
Methods
Data bank. The computerized data bank used in this
study has been described in detail previously (14), Char-
acteristics from the patient's history, physical examination
and cardiac catheterization are collected prospectively, Re-
sults of ancillary tests also are recorded, The most important
noninvasive and invasive characteristics for prognostic as-
sessment are displayed in Table 1 (14),
Follow-up data are obtained at 6 and 12 months after
catheterization and at yearly intervals thereafter. This in-
formation is gathered by staff cardiologists during a clinic
visit or by a research associate by telephone, Follow-up is
99% complete; that is, the follow-up information at each
interval for all patients is known in 99% of the instances in
which the patient has reached the end of the appropriate
interval. Sudden death was defined as death within I hour
of the onset of acute symptoms, unobserved death with no
other apparent cause or preceding symptoms or death shortly
after resuscitation from a witnessed sudden cardiac arrest.
Patient group. Since September 1972, information was
collected prospectively on every patient undergoing tread-
mill exercise testing within 6 weeks of cardiac catheteriza-
tion, Between September 1972 and January 1978, 2,126
patients with chest discomfort had their first cardiac cath-
eterization primarily for the evaluation of angina, Patients
evaluated primarily for ventricular arrhythmias or conges-
tive heart failure were excluded, The study group was com-
posed of 1,293 of these patients who had a treadmill exercise
test within 6 weeks of cardiac catheterization, Six hundred
twenty of these patients had significant coronary artery dis-
ease (75% or greater stenosis of a major coronary artery),
The 698 surgically treated patients on whom data were col-
lected during this time are not included in this report, Table
2 displays selected baseline characteristics of the I ,293 pa-
tients, demonstrating that the broad spectrum of patients
with coronary artery disease is represented,
Exercise protocol and arrhythmia grading. Although
strict criteria were not used as indications for exercise test-
ing, patients with severe symptoms generally were ex-
cluded, while all others were tested routinely, The exercise
protocol and the criteria for interpretation have been reported
previously (15). Patients who had received a last dose of
propranolol within 48 hours of the treadmill test were con-
sidered to be taking this medication. Patients who had taken
a dose of digoxin within 7 days of the test were considered
to be taking digoxin, Less than 3% of patients were taking
Table 1. Basic Clinical and Cardiac Catheterization Descriptors
BaSIC Clinical Descriptors
History
Age
Sex
Type of chest pam (typical angina, atypical angma, nonanginal)
Nocturnal chest pam
Progressive chest pam
Preinfarctional angina
Chest pain frequency per week
Congestive heart failure severity (New York Heart Association
classification)
History of myocardial mfarctton
History of peripheral vascular disease
HIstory of cerebral vascular disease
History of diabetes
History of smoking
Family history of ischermc heart disease
Serum cholesterol value
Physical exarrunauon
Systolic blood pressure
Ventncular gallop
Chest X-ray film
Cardiomegaly
Electrocardiogram
Srgruficant Q waves
Rest ST-T wave abnormalities
Revt premature ventncular complexes
Cathetenzauon Descnptors
Descnptors of left ventncular performance
DIffuse abnormal contraction
Aneurysm
Antenor asynergesis
Infenor asynergesis
Apical asynergesis
Ejection fraction
End-diastolic pressure
Mitral msufficiency (graded 0 to 4)
Coronary stenosis-s-maximal of percent of diameter narrowing
Left rnam coronary artery
Left anterior descending coronary artery
Left Circumflex coronary artery
Right coronary artery
therapeutic doses of other potential antiarrhythmic agents
(quinidine, procainamide or disopyramide) at the time of
exercise testing.
Patients were observed for 2 minutes before testing, dur-
ing the entire exercise test and for 8 minutes after testing.
For each of these periods, a record was made of the presence
or absence of ventricular arrhythmias (defined as at least
one premature ventricular complex). Arrhythmias were cat-
egorized further as simple premature ventricular complexes,
paired complexes (two consecutive premature ventricular
complexes) and ventricular tachycardia (three or more con-
secutive premature ventricular complexes). Samples of each
arrhythmia were recorded on at least 4 leads of a 12 lead
electrocardiographic system,
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Table 2. Baseline Characteristics of 1,293 Patients Undergoing
Exercise Testing
a-v = arteriovenous; CAD = coronary artery disease; ECG = elec-
trocardiogram; LV = left ventricular; LVEDP = left ventricular end-
diastolic pressure
Cardiac catheterization. All patients underwent car-
diac catheterization with selective coronary angiography.
Ninety-three percent of the patients had biplane and 7% had
single plane left ventriculography. Results were reviewed
by at least two of three experienced angiographers on the
day of catheterization. Significant coronary artery disease
was defined as 75% or greater luminal diameter narrowing
of a major coronary vessel. The left ventricular contraction
pattern was interpreted as normal or abnormal; normal in-
dicated the absence of areas of asynergy or a localized
ventricular aneurysm and abnormal indicated the presence
of at least one localized area of asynergy or aneurysm. The
left ventricular ejection fraction was calculated using the
area-length method.
Statistical methods. Univariable comparisons of two or
more groups of patients with respect to binary variables
were made using standard chi-square statistics. For contin-
uous variables, the Wilcoxon rank-sum statistic or the Krus-
kel-Wallis nonparametric analysis of variance was used
(16). To assess prognostic relations, follow-up information
Clinical characteristics
Progressive angina
Typical angina
Nocturnal angma
Penpheral vascular disease
Previous myocardial mfarction
History of heart failure
Laboratory characteristics
Q wave on ECG
ST-T wave changes on ECG
Cardiomegaly on chest X-ray film
Ventricular function and coronary anatomy
Abnormal LV contraction
No sigmficant CAD
One vessel CAD
Two vessel CAD
Three vessel CAD
Left main CAD
Ejection fraction <40%
Age (yr)
Ejection fraction (%)
LVEDP (mm Hg)
a-v O2 difference
Discrete
Variables
(%)
28
37
46
4
25
4
19
34
7
28
52
15
12
20
3
13
Continuous
Variables
(median)
48
57
10
4.2
on the time until death was analyzed using Breslow's for-
mulation of the Cox proportional hazards survival model
(17,18). Univariable associations with time until death were
assessed using Rao' s efficient score statistic (19). To test
whether a particular factor contributed prognostic infor-
mation independent of a given set of other variables, the
model was fitted first using only the given set, and second
using both the given set and the factor of interest. The
independent significance of the added factor was then as-
sessed by a likelihood ratio test. Thus, to assess the additive
prognostic value of the ventricular arrhythmias to the ex-
ercise test, the prognostic information contained in the basic
exercise test descriptors was first determined. Then the added
value of the ventricular arrhythmias was tested statistically.
Ventricular arrhythmias were tested as a prognostic factor
as a ventricular arrhythmia score: none = 0, simple = 1,
paired complexes = 2 and ventricular tachycardia = 3.
When the presence ofventricular arrhythmias was found
to add statistically significant information, the c index was
used to quantify the amount of information added (20). The
c index estimates the probability that of two randomly cho-
sen patients, the patient with the higher prognostic score
will outlive the patient with the lower prognostic score. By
comparing the c index using ventricular arrhythmias with
exercise testing in the prognostic score with the c index
based on a prognostic score not using ventricular arrhyth-
mias, insight can be gained into the degree to which pre-
diction of outcome can be improved with the knowledge of
exercise arrhythmias. For example, to determine the incre-
ment in predictive ability using the exercise test alone, a
prognostic score was developed on the exercise test variables
excluding ventricular arrhythmias. A c index was calculated
using this score. Another prognostic score was then cal-
culated using the ventricular arrhythmia descriptors and the
c index was recalculated.
Results
Frequency of ventricular arrhythmia. Of the 1,293
patients, 304 (23%) had at least one premature ventricular
complex during the period of exercise testing. Two hundred
thirty-six (18%) of these patients had only simple premature
ventricular complexes, 36 (3%) had paired complexes with-
out ventricular tachycardia and 32 (2%) had ventricular
tachycardia. Only 2% of patients had ventricular arrhyth-
mias in the preexercise period, but no ventricular arrhyth-
mias with exercise. Another 3% of patients had both preex-
ercise ventriculararrhythmiasand arrhythmias during exercise.
The frequency of the occurrence of simple premature
ventricular complexes, paired complexes and ventricular
tachycardia was not different when the 504 patients taking
beta-blocking drugs were compared with the 789 patients
not taking beta-blocking drugs. Nineteen percent of patients
taking beta-blocking drugs had simple premature ventricular
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complexes compared with 18% of patients not taking these
drugs. Similarly, the frequencies for paired complexes were
3.2 versus 2.5% and the frequencies for ventricular tachy-
cardia were 2.1 versus 2.8%.
On the other hand, of the 112 patients taking digoxin.
24% had simple premature ventricular complexes, 12% had
paired complexes and 4% had ventricular tachycardia. In
comparison, of the 1,181 patients not taking digoxin, 18%
had simple premature ventricular complexes, 2.2% had paired
complexes and 2.3% had ventricular tachycardia. The pa-
tients receiving digoxin. however. had a markedly lower
ejection fraction (median = 45) compared with patients not
taking digoxin (median = 56) (probability [p] < 0.0001).
In a logistic regression model, the presence and severity of
ventricular arrhythmias were much more closely related to
ejection fraction (i = 48) than to the use of digitalis (i
= 4).
Patient characteristics. The prevalence of selected
baseline characteristics in those patients with and without
ventricular arrhythmias is displayed in Table 3. Among the
clinical characteristics, patients with and without ventricular
arrhythmias had similar patterns of anginal symptoms. but
patients with ventricular arrhythmias more often had a his-
tory of congestive heart failure and previous myocardial
infarction. Furthermore, patients with ventricular arrhyth-
mias more frequently had diagnostic Q waves on the elec-
trocardiogram and cardiomegaly on the chest X-ray film
when compared with patients without ventricular arrhyth-
mias at exercise testing. At catheterization, patients with
ventricular arrhythmias more often had at least one focal
area of contraction abnormality and a lower global left ven-
tricular ejection fraction. In addition, these patients had a
greater prevalence of some degree of significant coronary
disease and of three vessel coronary disease. For most of
these factors, the differences were hierarchical, so that pa-
tients with paired complexes or ventricular tachycardia had
more severe abnormalities than did patients with simple
premature ventricular complexes.
Ventricular arrhythmias and survival in patients with
significant coronary disease. The survival curve in the 620
patients with significant coronary disease is depicted in Fig-
ure I. Patients with at least one premature ventricular com-
plex during the period of exercise testing had decreased
survival compared with patients with no ventricular arrhyth-
mias. Furthermore. patients with paired complexes or ven-
tricular tachycardia had decreased survival compared with
patients with isolated premature ventricular complexes. These
differences were small during the first year of follow-up.
Table 3. Baseline Characteristic, According to Type of Ventricular Arrhythrrua
DIscrete Variables (o/c)
Simple Paired Complexes
Nune PVC, or VT
(n = 991) (n = 236) (n = 68)
Clinical charactensncs
Progressive angina 28 29 28
Typical angina 34 46 46
Nocturnal angina 45 49 43
Penpheral vascular disease 4 5 I
*Prevlous myocardial infarction 24 32 45
*Hlstory of heart failure 3 7 II
Laburatory characterisncs
*Q waves on ECG 19 24 41
ST-T wave changes on ECG 9 9 8
*Cardiomegaly on chest X-ray film 5 12 10
Ventncular function and coronary anatomy
*Abnormal LV contraction 24 43 54
*No significant CAD 56 37 25
One vessel CAD 15 18 21
Two vessel CAD 12 14 14
*Three vessel CAD 17 31 39
*Left main CAD 2 3 10
Continuous Vanables (median)
Age 48 50 51
"Ejecnon fraction 60 58 50
LVEDP 9 10 9
a-vOc difference 4.2 43 42
*p < 0.05. PVCs = premature ventncular complexes: VT = ventricular tachycardia: other abbreviation, a, in Table 2.
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Figure 1. Survival in 620 patients with significant coronary artery
disease according to the occurrence of ventricular arrhythmias at
treadmill exercise testing. PVC = premature ventricular complex.
At 3 years, however, the surviva l rate was 90% in patient s
with no ventricular arrhythmi as, 83% in patients with simple
premature ventricular complexes and 75% in patients with
paired complexes or ventricular tachycardia .
Table 4 shows the independent prognostic information
added to other portions of the evaluation by ventricular
arrhythmia s. Ventricular arrhythmias were found to add
independent prognostic inform ation to the other exercise test
variables. When ST segment depression , exercise duration,
maximal heart rate and the product of ST depression and
exercise duration were related to surv ival, a model chi-
square value of 75 was ca lculated. When the presence of
at least one premature ventricular compl ex was added. the
model chi- square value increa sed to 97. The additional chi-
square value of 22 indicates that the presence of ventricular
arrhythmias contributed prognostic information (p < O.QQ\).
Furthermore , ventricular arrhythmias added statistically
significant prognostic inform ation to the noninvasive as-
sessment that included the history , physical examination.
chest roent genogram and electrocardio gram at rest and dur-
ing exercise . A model chi- square value of 198 was der ived
when the other noninvasive characteristics were related to
survival. The ventricular arrhythmias produced a modest
increase of 4 .3 (p = 0.03) in chi-square .
The ventr icular arrhythmias contributed no significant
prognostic info rmation to the cardiac catheterization com-
bined with the noninvasive evaluation. A model chi-square
value of 295.9 was found when the invasive and noninvasive
characteristics were related to survival. The addition of the
arrhythmi a characteristics durin g treadmill exercise in-
creased the model chi-square value to only 296. 1 (p ==
0.67). In a similar analysis , no other exerc ise variable added
independent prognostic information.
When the treadmill test variables excluding ventricular
arrhythmias were combin ed into a prognostic score , a c
index of 0 .68 was obtained . Thu s, the probability that of
two randoml y chosen patients , the patient with the worse
· "-- ...J.;;;.O-'LlZ""~~_~_
'-' : '---"-- -~-. ~---'----
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Table 4. Prognostic Significance of Ventricular Arrhythmias
Relative to Other Exercise Test Variables. Noninvasive Clinical
Variables and Catheterization Variables
02
22.0
4.3
Adjustedr LR
i' for Ventncular
Arrhythmias
42.2
75.0
198 0
295.9
Indivrdual"
LR i'
treadmill result had the worse prognosis of 0 .68 . When
the treadmill arrhythmia information was added. the c index
increased to 0.78 . Similarly. when the entire nonin vasive
evaluation (history. physical examin ation, electrocardio-
gram at rest. chest roentgenogram and exercise test) was
used excluding the arrhythmia inform ation, a c index of
0 .789 resulted. Addition of the treadmill arrhythmia data
increased the c index to only 0.792 .
The previous analyses were repeated including only sud-
den death as an end point. The follow-up time of patients
who died but who did not meet the criteria for sudden death
was censored at the time of their death . The result s of the
analysis were no different than when all cardiovascular deaths
were considered. Ventricular arrhythm ias added modest
prognostic information to the nonin vasive characteristics,
but did not add progn ostic information once the result s of
cardiac catheterization were known.
When the analyses were repeated with all cardiac events
as end points , including nonfatal myocardial infarction , ven-
tricul ar arrhythmias were univariately related to outcome
(K = 11 ). However . arrhythmias did not add significant
information to the noninvasive characteris tics in relation to
total events (K = 2.2 , p = 0.14). Thus, because the prog-
nostic importance of ventricular arrhythmias diminished when
nonfat al infarction was included as an end point, ventricular
arrhythmias seem to be more useful in predicting death than
nonfatal infarction.
Patients with no significa nt coronary disease. Of the
673 patients with no lesion of75% or greater in any coronary
artery, 92 (14%) had simple prem ature ventricular com-
plexes, 7 (1%) had paired complexes without ventricular
tachycardia and 10 ( 1.4%) had ventricu lar tachycardi a . The
surviva l rate of these patients is shown in Figure 2. The
surviva l rate was greater than 98% at 3 years, regardless of
the ventricular arrhythmias.
Ventricu lar arrhythmias
Exe rcise test varia bles
Exercise and noninvasive
clinica l dcscnptors
Exercise , noninvasive and
catheterizatio n variables
*Mag nitude of the chi-square statistics for the various gro ups of van -
abIes when cons idered indi vidually. t Magnitude of the chi-square statistics
for assessing the indep endent prognosnc cont ribution of ventricular ar-
rhythmias after accounting for the information m the other sets of van ables.
LR = likelihood ratio chi- square statistics from Cox model.
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Figure 2. Survival in 673 patients with no significant coronary
artery lesions at cardiac catheterization according to the pre~ence
or absence of ventricular arrhythmias at treadmill exercise testing.
PVC = premature ventricular complex.
Prognosis. The survival curve (Fig. I) demonstrates that
patients with ventricular arrhythmias and significant coro-
nary disease are at increased risk of cardiac death over a
long follow-up period. Udall and Ellestad (5) recently re-
ported similar findings in 6,500 patients evaluated for symp-
toms of ischemic heart disease, but detailed analysis of
noninvasive and invasive characteristics was not available
in their report. Bruce et al. (6) found similar results in a
study of 1,852 men with documented coronary artery dis-
ease. In a discriminant analysis using other noninvasive
charactertstics, exertional arrhythmias added independent
prognostic information.
In a previous report from this laboratory (15), the ST
segment response. duration of exercise and maximal heart
rate were all shown to be related to prognosis. This report
documents that the occurrence of ventricular arrhythmias
adds significantly to the prognostic information provided by
these variables. Many other elements of the exercise test,
such as the extent and duration of ST segment depression
and the blood pressure response, have been shown to relate
to advanced coronary disease and, therefore, also will relate
to prognosis. Further investigation is needed concerning the
most rational quantitative combination of these measure-
ments for practical use.
When other noninvasive characteristics were considered,
the presence of ventricular arrhythmias at exercise testing
added statistically significant prognostic information. These
resultsare consistentwith many ambulatorymonitoringstudies
(2-4, II) that have found ventricular arrhythmias to have
independent prognostic significance. We found similar re-
sults in a study of ambulatory monitoring in an overlapping
group of patients (12). As in the study of ambulatory mon-
itoring, however. ventricular arrhythmias at exercise testing
added only a small amount (as measured by the c index) to
our ability to predict outcome once the remainder of the
noninvasive information was known.
Ambulatory monitoring studies (2-4, 11,12) have found
that measurement of the configuration and frequency of
ventricular arrhythmias adds to their prognostic importance.
Because only samples of each arrhythmia were documented
on each patient in our study and, in many instances, ar-
rhythmias occurred during the transition from one set of
electrocardiographic leads to another, we could not inves-
tigatethe importance of arrhythmiaconfiguration or frequency.
Correlation of ventricular arrhythmia and left ven-
tricular dysfunction. Once the results of cardiac catheter-
ization were known, the occurrence of ventricular arrhyth-
mias at treadmill exercise testing added no significant
prognostic information. This finding was in agreement with
our study of ambulatory electrocardiographic monitoring
(12) in a similar group of patients and with the results of
Taylor et al. (13) in a group of patients after myocardial
infarction. Multivariable analysis in several large studies
(14,23,24) has indicated that descriptors of left ventricular
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Discussion
Prevalence of ventricular arrhythmias during exer-
cise testing. The 23% prevalence of ventricular arrhythmias
found in this study is comparable with that observed in
previous studies on exercise testing. Goldschlager et al. (10)
found ventricular arrhythmias in approximately 20% of 1,000
patients and McHenry et al. (21) reported a 27% prevalence
of ventricular arrhythmias in patients with coronary artery
disease and a 7% prevalence in those with symptoms of
coronary artery disease but normal coronary arteries. Craw-
ford et al. (22) noted ventricular arrhythmias 10 30% of
patients with a previous myocardial infarction. Udall and
Ellestad (5) found a 20% prevalence of premature ventric-
ular complexes in 6,500 patients evaluated for symptoms
of coronary artery disease. Our study probably has under-
estimated the prevalence of ventricular arrhythmias, because
it relates to clinically detected ventricular arrhythmias.
Electrocardiographic delay loops or ambulatory monitoring
during exercise testing were not used.
Because beta-adrenergic blocking drugs are used as an-
tiarrhythmic agents, the finding that their administration did
not influence arrhythmia frequency in this group of patients
was unexpected. This lack of effect may have occurred
because patients were taking the drug for angina relief rather
than for antiarrhythmic effect, and no specific protocol of
administration was used. Patients taking digitalis prepara-
tions were more likely to have ventricular arrhythrruas,
However, they also had a lower ejection fraction.
The relation between ventricular arrhythmias and char-
acteristics reflecting advanced coronary disease and myo-
cardial damage has been reported previously for both ex-
ercise arrhythmias (9,10) and arrhythmias detected by
ambulatory monitoring (7,8). Each of the clinical and cath-
eterization characteristics reflecting extensive disease in Ta-
ble 3 was found more frequently in the group with ventric-
ular arrhythmias at exercise testing.
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dysfunction and coronary anatomy are the most potent pre-
dictors of outcome in patients with coronary disease. The
close relation between ventricular arrhythmias at exercise
testing and left ventricular dysfunction indicates that the
arrhythmias may serve as a clinical marker for left ventric-
ular dysfunction in this group of patients. Thus, the relation
between ventricular arrhythmias and cardiac mortality may
be primarily due to the presence of impaired left ventricular
function in the patients with ventricular arrhythmias. Pre-
vious studies examining ventricular arrhythmias during ex-
ercise testing have lacked either detailed anatomic and
hemodynamic information (5) or follow-up data (9,22).
Prognostic significance of ventricular arrhythmias in
asymptomatic patients. Several studies have placed the
finding of ventricular arrhythmias during exercise in asymp-
tomatic patients in perspective. McHenry et al. (21), Froe-
licher et al. (25) and Horan and Kennedy. (26) found pre-
mature ventricular complexes to be of no prognostic sig-
nificance in such subjects. Udall and Ellestad (5) demon-
strated that premature ventricular complexes are of prognostic
significance in patients with symptoms of coronary artery
disease. Our report further narrows the spectrum of the
prognostic value of the ventricular arrhythmias at exercise
testing to patients with significant coronary artery disease.
Udall and Ellestad found patients without significant ST
segment change but with ventricular arrhythmias to be at
increased risk compared with similar patients without ven-
tricular arrhythmias. Our findings suggest that the patients
at increased risk in this group had no significant ST segment
depression in the presence of significant coronary artery
disease (a false negative exercise test). No patient with
normal left ventricular function had prolonged ventricular
tachycardia associated with hypotension during exercise.
This finding underscores the rarity of such patients, but does
not allow a conclusion about their prognosis.
Patients with symptomatic arrhythmias. This study
only concerns patients evaluated for suspected chronic coro-
nary artery disease, in whom ventricular arrhythmias are
detected incidentally. Although some patients may have had
clinically apparent rhythm disorders in addition to suspected
angina, patients undergoing exercise testing primarily for
the evaluation of arrhythmias or as part of a routine postin-
farction test protocol were not included. Thus, we did not
address the relative importance of the quantitation of rhythm
disturbances in patients with symptomatic arrhythmias. The
rate, frequency and duration of tachycardia may be useful
prognostic information in such patients.
Conclusion. This study has demonstrated that ventric-
ular arrhythmias detected incidentally at exercise testing are
related to the presence and extent of coronary disease and
to the extent of left ventricular dysfunction. Although pa-
tients with ventricular arrhythmias at exercise testing are at
increased risk of cardiac death. the risk is primarily due to
the association of the ventricular arrhythmias with indicators
of left ventricular dysfunction. These results suggest that
when ventricular arrhythmias are found incidentally in the
evaluation of a patient for suspected ischemic heart disease.
specific attention should be focused on the status of left
ventricular function.
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